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1Abstract—A new control strategy for smooth transition of a bat-
tery storage unit (BSU) is proposed in this paper to prevent over-
loading in an autonomous hybrid microgrid. The BSU is con-
trolled to come online to prevent overloading to the distributed 
generators (DGs) in the autonomous microgrid and to go offline 
when the load demand is less than the total rating of the DGs in 
the microgrid. The microgrid can contain either inertial DG or 
non–inertial DGs, which are controlled in a frequency droop. The 
sensing of switching on and switching off of the BSU depends on 
the frequency signal, which is developed in the paper. The pro-
posed strategy is validated through PSCAD/EMTDC simulation 
studies. 
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N remote rural and energy deficient areas, micro electric 
power systems containing photovoltaic generation systems, 
wind generators, micro–gas turbines, etc. based Distributed 
Generators (DG) are attractive choices. A microgrid that has 
both inertial and non–inertial DGs is called a hybrid mi-
crogrid. Such micrgrids can deliver clean and renewable pow-
er close to customers’ end in comparison of conventional 
power generation [1–2].  
 A microgrid can be connected to grid or can be isolated 
from the power grid [3]. For an autonomous microgrid, if total 
load demand plus losses exceed the combined available power 
of all DGs then overloading of DGs can occur. Thus, to pre-
vent the overloading and to maintain reliability, Battery Stor-
age Units (BSU) are viable options [4]. 
 In an autonomous microgrid, control of real and reactive 
power is essential to maintain frequency and voltage within 
specified limits. The real and reactive power output of a gen-
erator can be independently controlled by changing the volt-
age angle (based on frequency) and the magnitude, respective-
ly [5–6]. Therefore, frequency and voltage droop controls are 
the most common methods used for sharing real and reactive 
requirements of the load. 
 BSUs provide an added degree of freedom to an autono-
mous microgrid that allows reliable operation while obviating 
the need of large capital investment in terms of new DG pro-
curement and connection. Moreover, a BSU on standby also 
allows for a certain amount of immediately available power to 
reduce the need for idling or lightly loaded DGs [7]. 
                                                          
1
 The authors thank the Australian Research Council (ARC) for the financial 
support for this project through the ARC Discovery Grants DP 0774092 and 
DP110104554. 
M. Goyal is with Queensland University of Technology, Brisbane, Austral-
ia. A. Ghosh and F. Shahnia are with Curtin University, Perth, Australia (me-
gha.goyal@student.qut.edu.au) 
 
 It has been shown in [8] that dispatchable DGs in an auton-
omous hybrid microgrid can share power in the ratio of their 
rating, even in the presence of plug and play of non–
dispatchable DGs, under the assumption that the peak load 
demand is less than the total rating of the all dispatchable 
DGs. Since the non–dispatchable DGs are not operational all 
the time, the DGs size selection should be made in such a way 
that dispatchable DGs are able to meet the total peak power 
demand. This however is a difficult proposition since the peak 
load keeps on increasing. Resizing of existing DGs is not an 
option. Therefore every autonomous microgrid must be 
equipped with some storage devices that can quickly come 
online when peak load exceeds the total generation of DGs. 
 In this paper, a new control strategy for smooth transition of 
a BSU is proposed to prevent the overloading of distributed 
generators (DGs) in an autonomous hybrid microgrid. 
 
II. MICROGRID STRUCTURE  
 
 The autonomous microgrid structure under consideration is 
shown in Fig. 1. It is comprised of two DGs and a BSU. One 
of the DGs is a diesel generator (DGEN), while the other one 
is a microturbine (MT) [9]. The BSU nominally floats on the 
microgrid bus neither consuming nor supplying power [10–
12]. It can then come online quickly without any substantial 
transient. The DGs supply a balanced passive load and share it 
in proportion to their respective ratings [13–14]. In Fig. 1, the 
real and reactive powers drawn/supplied are denoted by P and 
Q. The real and reactive power supplied by DGi are denoted 
by Pi and Qi. The real and reactive power demands of the load 
are denoted by PL and QL. The parameters of the DGs are giv-
en in Appendix A. 
 
Fig. 1. Hybrid microgrid structure under consideration. 
 III. EFFECT OF DGs OVERLOADING IN AN AUTONOMOUS 
MICROGRID  
 
DGs in the microgrid are controlled through a frequency 
droop, given by [15] 
 
 PPmr  5.0                 (1) 
I 
where ωr and ω are the rated and instantaneous frequency of 
the system, respectively. 
Dispatchable DGs (inertial and non–inertial type) in an au-
tonomous hybrid microgrid can share the power according to 
their rating using frequency droop control. However, if the 
load requirement is higher than the total rating of the DGs, 
some catastrophic failure will occur in the system. The follow-
ing example illustrates this. 
 
 Example 1: Let us consider the system of Fig. 1, where the 
DGEN has a rating of 500 kW and the MT has a rating of 250 
kW. The droop parameters of the DGs are chosen such that the 
frequency excursion is limited to ± 0.3 Hz from the nominal 
value of 50 Hz. This means that when DGs are not supplying 
any power, the frequency will be 50.3 Hz and the frequency 
will become 49.7 Hz when DGs are supplying 750 kW. 
First let us assume that the total load demand is 600 kW and 
both DGs are supplying power according to their rating (i.e. 
2:1). At t = 8 s, the load is increased to 800 kW, which is be-
yond the total rating of the DGs. The load, MT and DGEN 
real powers are shown in Fig. 2. When the power demand 
from the MT exceeds its rated power of 250 kW, its output 
power is saturated by the actuator (fuel rate) limit at 250 kW. 
In this case, the DGEN releases its stored kinetic energy to 
supply the load demand. As the overloading persists, the sys-
tem wide voltage collapse occurs at around 11.9 s, as seen in 
Fig. 3. This forces the powers to become zero as well (Fig. 2). 
The frequency of the DG calculated from (1) is shown in Fig. 
4. Before the load change, the frequency of the system is 49.8 
Hz. However, while the droop frequency is limited to 49.7 Hz, 
the actual frequency of DGEN is reduced beyond the lower 
band in order to supply the excess power. This frequency 
keeps on dropping till the voltage collapse occurs, as seen in 
Fig. 5. 
 
IV. PREVENTION OF DGs OVERLOADING IN AN AUTONOMOUS 
MICROGRID  
In the case of a microgrid, DGs overloading can be prevent-
ed by the help of BSUs. Below the developed control algo-
rithm of the BSU is discussed. In an autonomous microgrid, 
system frequency differs from 50 Hz depending on the load. 
However, the frequency should not deviate more than  0.3 
Hz. With this band of frequency, proper droop gain of DGs 
can be chosen from (1) as discussed in [15]. 
 From the droop gains chosen, it is obvious that the maxi-
mum power plus losses that can be supplied by the DGs is 
equal to their total rating. The frequency of the system be-
comes 49.7 Hz at this point from (1). According to this, lower 
threshold of 49.72 Hz is chosen. When the droop frequency 
hits this lower threshold, it implies that DGs are supplying 
their maximum available power to the load. When the load is 
increased, droop frequency crosses this lower threshold value 
and demonstrates that the DGs are overloaded. Comparing the 
actual system frequency and its lower threshold, a signal can 
be generated to turn on the battery. It is very crucial for the 
battery to come online very quickly. So artificial neural net-
work (ANN) based controller is presented in [16] to control 
the BSU but it has a complicated design. 
 
Fig. 2. Real power sharing between MT and DGEN in Example–1. 
 
Fig. 3. Voltage of MT and DGEN terminals in Example–1. 
 
Fig. 4. Frequency variation of DG calculated from (1) in Example–1. 
 
Fig. 5. Diesel generator frequency variation in Example–1. 
 
In the microgrid structure shown in Fig. 1, DGs are inertial 
and pseudo inertial type. So there is sufficient time to turn on 
the battery. Once BSU turns on, it supplies its rated power and 
the rest of the load demand is supplied by the DGs in the ratio 
of their ratings. This implies that, the droop frequency will rise 
above the threshold value.  
 As the load demand reduces then battery should come out 
from the system. The turn off signal can also be generated 
from the frequency. The threshold value of the frequency de-
pends on the rating of the battery. Let us define, Pdg as 
 
Pdg = PMTrated  PDGENrated  PBSUrated                                       (2) 
 













































































Since the load demand plus losses are less than of Pdg, the bat-
tery can turn off. This can be detected from the frequency of 
the system with a threshold calculated from (1). For example, 
in case of DGEN, if the frequency is more than, that required 
to supply (2/3)× Pdg , then battery can be disconnected. To 
accomplish this, the state machine as shown in Fig. 6, is de-
veloped. 
 The considered state machine has two states x1 and x2, two 
inputs f1 and f2 and output    ̅.The signal f1 is generated 
when the droop frequency falls below a threshold frequency 
49.72 Hz. The signal f2 is generated when the droop frequency 
rises above 49.78 Hz (explained in Eq. 3). Initially, the state 
machine is idle and state x1x2 is 00. When overloading occurs 
f1 becomes 1 while f2 remains 0. The state moves to x1x2= 01 
and the output    ̅ becomes 1. However, as soon as the bat-
tery is de–blocked, some transient causes f1 to become 0. 
However, it does not mean the overloading is removed. There-
fore, state moves to x1x2 = 11 and the output still remains    ̅ 
= 1. Once the transient is over and battery is firmly connected, 
f1 becomes 0 since frequency is higher than threshold value 
49.8 Hz. In this case, state will settle x1x2=11. When the over-
loading is removed then f2 becomes 1 and states moved to 
x1x2=10. The output become    ̅ = 0. The transient event will 
be taken care by debouncing and bouncing between x1x2 = 10 
and 00.  
The state machine is realized by two JK flip–flop with the 

















                (3) 
where the hardware realization is shown in Fig. 7. 
As the battery turns on, system frequency can be within 
specified band and BSU injects power at the same frequency. 
Thus, battery should synchronize with respect to vt (terminal 
voltage as shown in Fig. 1). For this purpose, simple phase 
locked loop (PLL) is designed, which is discussed briefly in 
Appendix B [15].  
 
Example 2: Let us assume the MT in the microgrid of Fig. 1 
has a rating of 250 kW, while the DGEN is rated 500 kW. 
Initially, the total load demand is 400 kW and both DGs are 
supplying power according to their rating in frequency droop 
control as shown in Fig. 8. At t = 5 s, the load is increased to 
800 kW and exceeds the total power rating of the DGs. It can 
be seen from Fig. 9 that frequency of MT hits to lower limit of 
the frequency band, which triggers the battery turn–on signal, 
as seen in Fig. 10. Thereafter, the battery starts supplying its 
rated power as seen in Fig. 8. The terminal voltage of the sys-
tem is sinusoidal at BSU transition time, as seen in Fig. 11 and 
represents a smooth seamless operation when battery is 
pressed into supplying power.  
 
 
Fig.6. Developed state machine diagram. 
 
Fig.7. Logic circuit diagram for the developed BSU control. 
 
 
Fig. 8. Real power output of the DGs and load demand as battery connects. 
 
 
Fig. 9. Frequency variation of DG in autonomous microgrid.  














































Fig. 10. Battery turn–on/off control signal. 
 
Fig. 11. BSU terminal voltage. 
 
 At t = 10 s, the load demand reduces to 500 kW and it can 
be supplied only by the DGs. There is no requisite of the BSU 
as Pdg, the power supplied by both DGs, is 
kW650100750 dgP  
Therefore, the diesel generator power share is 433.33 kW. The 
threshold value of the frequency can calculated from (1) using 










Therefore, the frequency less than the threshold value implies 
that the load demand has reduced below the total rating of the 
DGs and battery unit must be switched off. This is shown in 
Fig. 12. The power and frequency plots for this case are shown 
in Fig. 13 and 14, respectively. From these figures, it can be 
seen that the power supplied by battery is zero and other DGs 
start to supply the load demand in the frequency droop accord-
ing to their rating. From Fig. 15, it can be seen that the termi-





In this paper, a new control algorithm is proposed for bat-
tery storage unit to prevent the overloading of the DGs in an 
autonomous microgrid. This control algorithm facilitates the 
smooth transition and synchronization of the battery storage 
unit with an autonomous microgrid. The power sharing algo-
rithm also works perfectly either when the battery is connected 
or disconnected. The developed control algorithm is validated 
through computer simulation using PSCAD/EMTDC. 
 
 
Fig. 12. Battery turn–on/off control signal. 
 
Fig. 13. Real power output of DGs and load demand as battery disconnects. 
 
Fig. 14. Frequency variation of the DGs in autonomous microgrid.  
 
Fig. 15. BSU terminal voltage. 
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APPENDIX A 
 The technical parameters of the microgrid system shown in 
Fig. 1, are listed below. 
Table I. Parameters of the diesel generator set 
System data Value 
Rated voltage 11 kV 
Rated power 433 kW, 500 kVA 
Rated frequency 50 Hz 
Rated speed 1500 rpm 
Reactance Value (per unit) 
Xd 0.116 

















Table II. Parameters of the DGs connected to the microgrid 
System Quantities Values 
DG1 Feeder impedance Rf1 = 3.025 , Lf1 = 57.8 mH 
DG2 Feeder impedance Rf2 = 3.025 , Lf2 = 57.8 mH 
DG3 Feeder impedance Rf3 = 3.025 , Lf3 = 57.8 mH 
DG Rated Power MT: 250 kW, DGEN: 500 kW 
Droop Coefficient (Frequency–Voltage) 
m1 0.015      rad/MWs 
m2 0.0075    rad/kWs 
n1 0.04        kV/MVAr 





Fig. 16. Schematic of a DG connected to the microgrid. 
 Let the frequency of the terminal voltage be . Then from 
Fig. 16, the instantaneous DG voltages with a peak of VDG and 
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where  = DG – P. 
The positive sequence of the desired DG voltages is 















































     (5) 
where    PP tt   cos,sin . 


















                (6) 
 The positive sequence vDGa1 can be computed based on , 
, VDG and , of which the first two are obtained from (5). 
Note that the real power mainly depends on the angle differ-
ence and the reactive power mainly depends on the voltage 
magnitude. Therefore, two Proportional Integral (PI) control-
lers are used to calculate VDG and  from reactive power and 
real power, respectively. As the negative sequence is the com-
plex conjugate of the positive sequence and the zero sequence 
is assumed to be zero, three–phase instantaneous voltage of 
DG given in (4) is calculated by taking inverse symmetrical 
component transform. 
